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Language function in a child following mild traumatic brain injury:
Evidence from pre- and post-injury language testing
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Abstract
Objective: Pre- and post-injury language performance scores following mild traumatic brain injury (mTBI) were investigated
through a replication and subsequent extension of a previous case study where a trend for declining language scores was
described based on pre- and post-injury data.
Methods: Test norms were used to descriptively analyse pre- and post-morbid language performance and performance score
changes. Score changes were subsequently statistically analysed using data obtained from a group of age-matched non-
brain-injured control children.
Results: Descriptive analysis identified a trend for declining skill on general and high-level language skills. Statistical analysis
failed to differentiate the mTBI case from the control group on language score changes.
Conclusions: While supporting the earlier identified trends in language decline following mTBI, subsequent statistical
analysis undertaken to extend the earlier findings failed to detect statistically significant changes in language outcomes
following mild injury. The need for monitoring of yet-to-emerge higher-level adolescent language skills, however, is
highlighted.
Keywords:Mild traumatic brain injury, general language skills, high level language skills, pre- and post-injury performance
Introduction
Paediatric traumatic brain injury (TBI) is a signifi-
cant cause of mortality and morbidity world-wide
[1]. In the US alone, 475 000 children under the
age of 14 years experience TBI in any given year [2].
Children engaged in typical day-to-day activities may
sustain TBI. Falls within the home, for instance,
contribute to toddler TBIs while playground injuries
such as falls from skateboards, scooters and bicycles
are a common source of injury in the older child [3].
Children with pre-existing problems such as beha-
vioural issues and learning difficulties are at greater
risk of sustaining TBI [4]. Pre-morbid performance
scores are therefore crucial in determining the
impact of TBI on the individual. Pre-injury perfor-
mance scores are, however, rare.
Many factors, including severity of insult, influ-
ence outcome following TBI [5]. Paediatric TBI
research has focused predominantly on moderate
and severe presentations of trauma, where neuro-
cognitive impairments [6] as well as language deficits
encompassing basic or general language functions
requiring a low level cognitive manipulation (e.g.
naming and repetition) and language functions
requiring a high degree of cognitive manipulation
(e.g. tasks dependent upon analysis, evaluation,
synthesis and problem-solving) across verbal and
written modalities have been described [7, 8].
Eighty per cent of TBI cases present with mild
TBI (mTBI) [9]. To be classified mTBI, the
presentation must include one or more of the
following: confusion or disorientation, loss of con-
sciousness (LOC) for 30 minutes or less, post-
traumatic amnesia for less than 24 hours and/or
other transient neurological abnormalities such as
focal signs, seizures and intracranial lesions not
requiring surgery [10].
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Most children with mTBI have a good prognosis,
with rapid resolution of symptoms and little evidence
of residual cognitive, behavioural or academic def-
icits [11]. Nonetheless, up to 35% of individuals
continue to have ongoing cognitive, emotional and
somatic symptoms when re-assessed up to 6 months
post-injury [12]. Cognitive deficits encompassing
visual processing [13], learning, memory, selective
attention and executive function [14] have been
identified post-mTBI.
Descriptions of language status following mTBI in
childhood have been inconclusive. Docking et al.
[15] presented case-by-case investigations of chil-
dren following TBIs of varying severity. Of the nine
case presentations, only one participant suffered a
mild injury. Based on this child’s performance on an
assessment of general language skills and the high
level skill of humour appreciation, Docking et al.
suggested that language performance following low
severity (i.e. mild) TBI could not differentiate
between the injured and the non-injured child. In
contrast, difficulties with high level language tasks
including interpretation of inferential language and
determination of intentionality have been described
following childhood mTBI [16]. Previous investiga-
tions of language function post-mTBI such as the
findings by Dennis and Barnes [16] where perfor-
mance was compared to control children or the
findings by Docking et al. [15] where performance
was compared to test norms may, however, have
provided inaccurate depictions of language deficit
following injury due to the absence of indicators of
pre-morbid language skill.
Although pre-morbid performance indicators are
rarely available, Docking and Murdoch [17]
described pre- and post-injury language performance
indices in a child who sustained mTBI. Based on
documented pre-morbid language testing, the child
was described by the researchers as performing in the
average-to-high average range on tests of general and
high level language tasks. Eleven months post-injury,
the child continued to perform within the average
range, but performance on an overall Expressive
Language composite had declined more than 1 SD
of the test mean and the authors described a trend
for declining performance on high level language
skills.
While group studies with documented pre-injury
data would elucidate the impact of mTBI on
language function in children, such studies with
pre- and post-injury assessment results are unrealis-
tic. The only alternative is the accumulation of case
studies where pre- and post-morbid performance
indicators are available. The current report describes
the rarely-encountered research situation involving
pre- and post-morbid language performance of a
child who sustained mTBI following a fall from a
scooter.
The availability of the child’s pre- and post-injury
performance indicators allows the present research-
ers to replicate the earlier case study presented by
Docking and Murdoch [17] in order to determine if
the declining trends in language skill following mTBI
described previously are evident in the child pre-
sented in the current study. Unlike Docking and
Murdoch, however, who undertook descriptive anal-
ysis alone, the present study utilizes both descriptive
and statistical analysis to determine the impact of
mTBI on a child whose pre-injury performance
indicators were available. It was hypothesized that
the descriptive analysis would support the trends of
declining general and high-level language skills
following mTBI identified previously by Docking
and Murdoch. Further, it was hypothesized that
there would be a statistically significant decline in
performance from pre- to post-injury language
assessment in the case child.
Method
Participant
Child M, an 8 years 7 month old male child at the
time of initial language assessment, was a control
participant in research being undertaken by the
authors at the Centre for Neurogenic
Communication Disorders Research, University of
Queensland, Australia. English was his only lan-
guage and at the time of recruitment there was no
history of neurological trauma or disease, no devel-
opmental history of language delay or difficulties and
no family history of language delays or difficulties. A
screening hearing assessment indicated bilateral
hearing acuity at 20 dB across 500, 1000, 2000 and
4000 Hz.
Twelve months after his initial language assess-
ment (age 9;7 years), Child M sustained a head
injury following a fall from a non-motorized scooter.
He was not wearing a safety helmet at the time of the
incident. Injuries evident at the time of the accident
were a scrape on the chin, nose and arm. No LOC
was reported at the scene. He was confused, had no
recollection of the accident, became uncharacteris-
tically violent and vomited. He subsequently became
drowsy and was agitated when roused by his parents.
The Ambulance Report documented a GCS of 14
(scores of 13–15 being indicative of mild neurolog-
ical disturbance [18]). Child M was confused,
drowsy and complained of nausea. He vomited
three times at the Department of Emergency
Medicine (DEM). Neurological examination at the
DEM revealed flaccid movements and disorientation
and confusion. Child M was oriented to person, but
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not time or place. A non-contrast computerized axial
tomography (CT) scan of the head from the vertex
to the base of the skull was obtained. Findings
included no intracranial bleeding or cerebro-spinal
fluid collection identified, ventricles and subarch-
noid spaces appearing normal, no mid-line shift,
normal grey matter/white matter differentiation and
no cranial vault or base of skull fracture. The
summary report concluded no acute intra-cranial
pathology.
Child M was observed for 6 hours in the DEM.
Over this period of time, he gradually became more
lucid and started laying down new memories. He
was discharged to home in the care of his parents. At
the routine post-injury Rehabilitation Medicine
follow-up phone call the day after the incident,
Child M’s mother reported he was fully recovered,
had not complained of headaches and was not
fatigued. Child M’s GCS rating combined with his
DEM documentation met the American Congress of
Rehabilitation Medicine’s classification criteria of
mTBI [19].
Child M’s language skills were reassessed 12
months after the injury (age 10; 7 years), a post-
injury re-assessment period similar to that described
by Docking and Murdoch [17]. The performance
data of three children similarly involved as control
children in the research undertaken by the present
researchers and aged within 6 months of Child M’s
age (two males, M age: 8 years 11 months at initial
assessment, SD¼ 6 months) provided comparative
data. These children had also met the inclusion
criteria of English as a first language, no history of
developmental speech or language deficits, no his-
tory of neurological trauma or disease, no history of
drug and/or alcohol abuse and normal hearing and
vision.
Measures
The same language assessments were administered
at baseline and at 2-year follow-up for Child M and
the three control children. The test battery admin-
istered was similar to that used by Docking and
Murdoch [17] in the original case study. Assessment
of broad aspects of early language skill development
(general language skills) was undertaken using the
Clinical Evaluation of Language Fundamentals-
Fourth Edition (CELF-4) [20] and the Peabody
Picture Vocabulary Test-Third Edition, Form A
(PPVT) [21]. Competence on language tasks requir-
ing higher cognitive manipulations of information
(high level language skills) was investigated using the
Test of Problem Solving, Elementary-Third Edition
(TOPS) [22] and the Test of Language
Competence-Expanded Edition (TLC-E) [23]. As
stipulated by the TLC-E age restrictions, Level 1
was administered at the initial language assessment
and Level 2 was administered at the subsequent
language assessment. The baseline and 2-year
follow-up performance scores from the three control
children are presented in the Appendix.
Procedure
Utilizing the methodology applied by Docking and
Murdoch [17], Child M’s pre- and post-injury age-
corrected Standard Scores on the tasks of language
skill were descriptively compared to the tests’ means
and standard deviations. Additionally, based on the
descriptive approach used by Docking and
Murdoch, score increases or decreases beyond 1
SD of the tests’ means were viewed as indicative of a
trend of change in performance skill.
In addition to the descriptive analysis as utilized by
the original researchers, the present study applied
Crawford and Garthwaite’s [24] modified t-test to
statistically determine if Child M’s changes in
performance scores from initial to subsequent
assessment were significantly different to the control
group’s changes in performance scores. Prior to
statistical analysis, mean difference and standard
deviation between baseline and subsequent assess-
ment was calculated for each language measure for
the control group. Child M’s performance score




Child M’s performance scores are displayed in
Table I. At the pre-injury assessment, Child M’s
performance on the tasks assessing general language
skills placed him within the average range on all
CELF-4 measures (1 SD of test means) and well
above average on the PPVT (þ2 SD of test mean).
His performance scores on the tests of high level
language skill indicated he was performing in the
high average range on the Ambiguous Sentences and
Oral Expression: Recreating Sentences sub-tests of
the TLC-E and the TOPS (within þ1 SD of tests’
means) and above the average range on the Listening
Comprehension: Making Inferences sub-test and the
TLC-E Composite (4þ1 SD of test means).
At post-injury assessment, Child M’s performance
on the Concepts and Following Directions sub-test
of the CELF-4 placed him in the low average range
and within the average range on all other CELF-4
performance scores (1 SD of test means), except
on the Expressive Language Composite where he
was above the average range (4þ1 SD of test
mean). His post-injury performance on the PPVT
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placed him in the above average range (4þ1 SD of
test mean). His post-injury performance on the tests
of high level language skill placed him within the
average range on all tasks assessed (1 SD of tests’
means).
The change in Child M’s performance score from
initial to subsequent assessment on the Concepts
and Following Directions sub-test indicated a trend
for declining performance (41 SD of the test’s
mean). His performance scores on all other measures
of general language skills remained stable (1 SD)
over the 2 year interval. Child M’s change in
performance scores on the Ambiguous Sentences
sub-test, his TLC-E Composite score (41 SD of
the test’s mean) and the Listening Comprehension:
Making Inferences sub-test (42 SD of the test’s
mean) suggested a trend for declining performance
over the 2 years. Child M’s performance on the
remaining tests of high level language skill remained
stable over the 2 year period (1 SD).
Statistical analysis
A series of modified t-tests [24] was undertaken to
identify significant differences between Child M’s
pre- and post-injury performance score differences
when compared to the performance score differences
between initial and subsequent assessment for the
control group. Due to the directional hypothesis, the
level of significance for a one-tailed t-test was
applied. A significance level of p 0.005 was
selected to account for the multiplicity of tests
[25]. For significance, t-values (df¼ 2) must be
þ9.925 [25]. As shown in Table II, no significant
differences were noted between the score differences
for Child M compared to the score differences for
the control group (p 0.005 on all measures).
Discussion
The aims of the current study were to replicate
an earlier descriptive study based on pre- and
Table I. Descriptive analysis of Child M’s performance on tests















10 (3) 11 7
Recalling Sentences 10 (3) 11 11
Formulated Sentences 10 (3) 12 15
Core Language Score 100 (15) 109 111
Receptive Language Score 100 (15) 110 102
Expressive Language Score 100 (15) 110 118
PPVT 100 (15) 131 127
High Level Language Skills
TLC-E
Ambiguous Sentences 10 (3) 13 9
Listening Comp:
Making Inferences
10 (3) 17 9
Oral Expression:
Recreating Sentences
10 (3) 12 12
Figurative Language 10 (3) 12 13
TLC-E Composite 100 (15) 125 105
TOPS 100 (15) 105 108
CELF-4¼Clinical Evaluation of Language Fundamentals-
Fourth Edition; PPVT¼Peabody Picture Vocabulary Test;
TLC-E¼Test of Language Competence-Expanded Edition;
TOPS¼Test of Problem Solving 3 Elementary.
Sub-tests/tests common between the two testing sessions only are
shown. Tests’ means and standard deviation are shown as
Standard Scores corrected for age as per the tests’ manuals.
aThe methodology used for the descriptive analysis is based on the
approach adopted by Docking and Murdoch [17]. Performance
scores highlighted in bold are viewed as notable change in
performance based on the criterion applied by Docking and
Murdoch (1 SD of the test mean).
Table II. Statistical analysis of change in performance scores





















4 2 (1) 1.732
Recalling Sentences 0 1 (1) 0.866
Formulated Sentences 3 1 (1) 1.732
Core Language Score 2 6 (4) 0.961
Receptive Language Score 8 12 (9) 0.385
Expressive Language Score 8 8 (3) 0.000
PPVT 4 13 (1) 7.794
High Level Language Skills
TLC-E
Ambiguous Sentences 4 3 (3) 0.289
Listening Comp:
Making Inferences
8 2 (2) 2.599
Oral Expression:
Recreating Sentences
0 3 (2) 1.299
Figurative Language 1 2 (1) 0.866
TLC-E Composite 20 11 (13) 0.599
TOPS 3 11 (4) 1.732
CELF-4¼Clinical Evaluation of Language Fundamentals-
Fourth Edition; PPVT¼Peabody Picture Vocabulary Test;
TLC-E¼Test of Language Competence-Expanded Edition;
TOPS¼Test of Problem Solving 3 Elementary. Sub-tests/tests
common between the two testing sessions only are shown.
aCrawford and Garthwaite’s [24] modified t-test.
For significance at the 0.005 level, t-values [one-tailed] (df¼ 2)
must be þ9.925.
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post-injury performance scores that described a
trend for declining language skills following mTBI
and then to extend the findings by determining if
statistical analysis supported the descriptive findings.
A trend for declining language skills subsequent to
mTBI was identified in the present study through
descriptive analysis of pre- and post-injury language
performance scores, thus offering support for the
trend identified earlier by Docking and Murdoch
[17]. This trend, however, was not supported in the
subsequent statistical analysis. Nonetheless, the
child presented in the current study is at a develop-
mentally critical stage of adolescent language devel-
opment [26] and the need for monitoring is
warranted as there remains the potential for lan-
guage difficulties to emerge.
Many patients with mTBI have diffuse axonal
injury [27], leading some to argue that mTBI may,
fundamentally, be no different to more severe TBI
presentations [28]. White tract and axonal integrity
is crucial for the acquisition and consolidation of
new skills and, although growth and expansion of
white matter begins in infancy, it is not complete
until early adulthood [29]. Thus, Child M may yet
show evidence of the impact of mTBI upon his
language skill development.
The immature brain is vulnerable to insult and
injury to the rapidly evolving nervous system may
result in alterations or disruptions to the normal
process of development [30]. While skills established
at the time of injury may be resilient to disruption
following trauma [31, 32], subsequent acquisition
and consolidation of new skills may be compromised
or impaired following injury [33].
Children undergo rapid language development
within the developmental window of ages 2 and 6
years and, by the age of 5 years, general language
skills are well established [34]. It could, therefore, be
anticipated that Child M’s general language skills
were well established prior to injury. This was
generally supported by the descriptive analysis
where, based on test norms, Child M’s general
language skills remained stable within the average
range from pre-injury to post-injury assessment.
In contrast, high level language skills such as
planning, problem-solving, reflecting and reasoning
begin to emerge in the early school years and
continue to develop through to the late teenage
years [26]. Injury to the developing nervous system
during childhood may interrupt or delay the subse-
quent development of these skills during the adoles-
cent years. Skills may emerge in an abnormal
developmental sequence, mastery of such skills
may be sub-optimal or aspects of language develop-
ment ongoing at the time of insult may be specifically
impaired [35].
In the present study, a declining trend in Child
M’s high level language skills, such as his ability to
resolve ambiguity and interpret inferential language
and in his overall skill on tasks requiring a high
degree of cognitive flexibility and manipulation
through analysis, evaluation, synthesis and pro-
blem-solving, was described. A trend of overall
declining performance in high level language skill
was similarly described by Docking and Murdoch
[17]. Further, Dennis and Barnes [16], in the
absence of pre-injury performance scores, described
high level language skills (inferential language and
determining intentionality) as differentiating chil-
dren with a history of mTBI from non-injured peers.
In the absence of group pre- and post-injury studies,
the concordance between the present descriptive
findings and Docking and Murdoch’s findings could
be viewed as highlighting the vulnerability of the
development of skills that emerge post-mTBI sus-
tained in childhood. Child M’s re-assessment was
undertaken at the age of 10 years 7 months, which
places him at a critical stage of higher-level skill
development [26]. Subsequent annual re-assessment
of language is warranted to determine if the declin-
ing trend identified 12 months post-injury continues.
It must be noted, however, that Child M’s
declining trend was predominantly noted on the
TLC-E [23]. Due to age restrictions of this test,
Child M was initially assessed with Level 1 while his
subsequent assessment was undertaken using Level
2. This needs to be considered in interpreting the
declining trend described, particularly as this did not
reflect the assessment undertaken by Docking and
Murdoch [17] in the original case report. Further,
cognitive-communication impairment, reflecting the
interplay between communication and cognitive
processes such as attention and memory [36] is a
recognized outcome of TBI injury where an
extended period of lost consciousness has been
experienced [37]. It is possible that, although
sustaining no LOC, Child M’s subsequent perfor-
mance on the sub-test assessing his ability to
comprehend verbal instructions of increasing
length and complexity was influenced by deficits in
these cognitive domains.
Conclusion
While the lack of consensus regarding the morbidity
of mTBI [11, 12, 38, 39] remains, descriptive
declines in performance scores based on pre- and
post-injury assessment should be viewed as early
markers of the vulnerability of skill development
subsequent to injury. As sub-optimal language skills
may limit a child’s attainment in life [40], further
research studies, utilizing the fortuitous availability
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of pre- and post-morbid performance indicators and
extending beyond 12 months post-injury, are needed
to develop, case-by-case, a better understanding of
the impact of mTBI upon the emergence of devel-
opmental language processes. Although the descrip-
tive trend was not supported statistically, the
vulnerability of language skill development subse-
quent to mTBI is highlighted. The monitoring of
emergent language skill development is warranted
for all children and adolescents following mTBI.
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Appendix: Baseline and subsequent assessment performance scores of the three control children
Control child 1 Control child 2 Control child 3
T1 T2 T1 T2 T1 T2
Age (in months) 107 131 106 130 107 131
CELF 4
Concepts and Following Directions 12 9 14 13 13 12
Recalling Sentences 11 13 18 16 17 17
Formulated Sentences 13 13 15 13 16 16
Core Language Score 114 112 130 121 129 136
Receptive Language Score 113 102 135 113 131 134
Expressive Language Score 115 120 132 124 132 144
PPVT 123 111 108 122 135 148
TLC-E
Ambiguous Sentences 15 9 10 10 17 14
Listening Comp: Making Inferences 12 9 8 8 17 13
Oral Exp: Recreating Sentences 13 9 10 9 16 12
Figurative Language 12 10 11 10 15 17
TLC-E Composite 121 95 98 95 135 130
TOPS 108 97 111 96 120 114
T1¼Baseline assessment; T2¼Subsequent assessment; CELF-4¼Clinical Evaluation of Language Fundamentals-Fourth
Edition; PPVT¼Peabody Picture Vocabulary Test; TLC-E¼Test of Language Competence-Expanded Edition; Listening
Comp: Making Inferences¼Listening Comprehension: Making Inferences; Oral Exp: Recreating Sentences¼Oral
Expression: Recreating Sentences; TOPS¼Test of Problem-Solving 3 Elementary.
Language outcomes following mTBI in childhood 7
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
